Abstract. It is unclear how microRNA (miR)-494 inhibits the proliferation of cervical cancer cells by altering the expression of SOCS6. Therefore, the present study aimed to investigate the molecular mechanism underlying miR-494 regulation of suppressor of cytokine signaling 6 (SOCS6) in human cervical cancer samples and the human cervical cancer HeLa cell line. The expression of miR-494 was determined using reverse transcription-quantitative polymerase chain reaction. In addition, TargetScan was used to predict miR-494 target genes and the luciferase reporter assay was used to determine whether SOCS6 was a direct target of miR-494. The results of the present study demonstrated that compared with the cervical intraepithelial neoplasia and normal cervical tissues, the miR-494 expression level in cervical cancer samples was significantly decreased (P<0.01). In addition, compared with normal cervical tissue, miR-494 expression level was significantly decreased in cervical intraepithelial lesions (P<0.05). Furthermore, the expression of miR-494 was associated with patients with or without lymph node metastasis, clinical stage and depth of stromal invasion (P<0.01); however, miR-494 expression was not identified to be associated with age, tumor size and menopausal status (P>0.05). Transfection of a miR-494 mimic significantly increased the expression level of miR-494 in HeLa cells (P<0.01), and anti-miR-494 transfection decreased the expression of miR-494 (P<0.01). An MTT proliferation assay and Boyden chamber invasion ability assay revealed that miR-494 mimic transfection significantly inhibited the proliferation, and invasion ability of HeLa cells (P<0.01), whereas anti-miR-494 transfection significantly increased the proliferation and invasion ability (P<0.05). SOCS6 was predicted, using bioinformatics, to be the target gene of miR-494 and this was validated using a luciferase reporter assay. Western blot analysis revealed that transfection of miR-494 significantly increased the expression of SOCS6 in HeLa cells, and transfection of anti-miR-494 significantly decreased the expression of SOCS6. Therefore, the results of the present study demonstrated that miR-494 expression in cervical cancer was significantly decreased. Exhibiting a decreased expression level of miR-494 may result in enhanced proliferative and invasive abilities of HeLa cell, thus contributing to the occurrence, and development of cervical cancer.
Introduction
Cervical cancer is the second most common type of female malignancy, subsequent to breast cancer. There were an estimated 527,600 new cervical cancer cases and 265,700 deaths worldwide in 2012 (1) . Although cervical cytology screening has enabled early detection and early treatment of cervical cancer, the incidence and mortality rates continue to increase each year (2, 3) . The majority of patients with cervical cancer are treated with standard radiation therapy and chemotherapy, but therapeutic response varies. Thus, studies are required to determine the pathogenesis of cervical cancer in order to identify a more effective treatment for cervical cancer.
MicroRNAs (miRNA/miR) are endogenous non-coding RNAs containing between 19 and 21 nucleotides. miRNA may regulate proteins at the post-transcriptional level, resulting in the degradation or inhibition of proteins. miRNAs are involved in the regulation of a number of biological functions, including cell cycle, proliferation, differentiation and apoptosis. Previous studies have revealed abnormal expression of a number of miRNAs in cervical cancer, including miR-214, miR-21, miR-143 and miR-145 (4-7). In cervical cancer, miR-214 expression is decreased, which has been reported to inhibit cancer progression through targeting mitochondrial transcription factor A (8) . miR-21 overexpression may inhibit the expression of phosphatase and tensin homolog (PTEN), and promote cancer cell proliferation and migration (9) . In addition, miR-143 expression was identified to be significantly decreased in cervical cancer, and associated with tumor size, positive lymph node metastasis and HPV16 infection (10) . A previous study demonstrated that the expression level of miR-145 was significantly decreased in human cervical cancer miR-494 inhibits cervical cancer cell proliferation through upregulation of SOCS6 expression LEI CHENG 1, 2 , BEIHUA KONG 1 , YING ZHAO 2 and JIE JIANG tissues when compared with corresponding adjacent normal tissues and associated with tumor progression, and poor prognosis (11) . Furthermore, miR-494 serves as a tumor suppressor miRNA and abnormal expression of miR-494 has been identified in a number of tumor tissue types (8, 9) . However, whether the expression level of miR-494 is altered in cervical cancer remains unknown. In addition, there are few detailed reports focusing on the role of miR-494 in cervical cancer. The present study analyzed the expression of miR-494 in cervical tissue using reverse transcription-quantitative polymerase chain reaction (RT-qPCR), its association with clinicopathological characteristics of cervical cancer, and its effects on HeLa cells through transfection with anti-miR-494 and miR-494 mimics. The present study aimed to identify the effect of miR-494 on HeLa cell viability and invasion. Additionally, the present study aimed at exploring the association between miR-494 and cervical cancer development, metastasis and invasion, in order to identify novel therapeutic targets.
Materials and methods
Patients and tissue samples. Cervical cancer tissues were selected from 40 patients with cervical cancer who were admitted to the Qi Lu Hospital of Shandong University (Qingdao, China) between December 2011 and December 2014. No patients previously received preoperative chemotherapy or radiotherapy. Patients age range was between 25-72 years; mean age 52.23±20.13 years. All cervical cancer tissue samples were validated by independent pathologists. Clinical and pathological classification and staging were performed according to the International Federation of Gynecology and Obstetrics criteria (10) . The present study additionally included 40 cervical intraepithelial lesions and 40 matched normal cervical tissues as the control group. All specimens were stored in liquid nitrogen within 30 min of resection. All protocols performed in the present study were approved by the Ethics Committee of the Qi Lu Hospital of Shandong University. Written informed consent was obtained from all patients.
Reagents and equipment. The following equipment and reagents were utilized in the present study: CO 2 incubator (Thermo Fisher Scientific, Inc., Waltham, MA, USA); pipette (Eppendorf, Hamburg, Germany); weighing balance; inverted microscope; Milli-Q plus ultra-pure water system (EMD Millipore, Billerica, MA, USA); cervical cancer cell line HeLa (Institute of Basic Medical Chinese Academy of Medical Sciences, Beijing, China); miR-494 mimic and anti-miR-494 (Invitrogen; Thermo Fisher Scientific, Inc.), RPMI 1640 medium (Gibco; Thermo Fisher Scientific, Inc.); fetal bovine serum (Hyclone; GE Healthcare Life Sciences, Logan, UT, USA), TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.); ready-to-use PCR kit (BBI solutions, Cardiff, UK); primers (Sangon Biotech Co., Ltd., Shanghai, China). Cells were cultured in RPMI-1640 medium containing 10% fetal bovine serum at 37˚C in a 5% CO 2 incubator.
RT-qPCR. Total RNA was extracted from tissues using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. cDNAs were synthesized with the Prime-Script RT reagent kit (Takara Bio, Inc., Otsu, Japan). The qPCR reaction conditions were as follows: 95˚C for 5 min, 95˚C for 10 sec and 60˚C for 20 sec, for 40 cycles. The primer sequences (11) were as follows: miR-494 forward, 5'-TGA CCT GAA ACA TAC ACG GGA-3' and miR-494 reverse, 5'-TAT CGT TGT ACT CCA CTC CTT GAC-3'. GADPH was used as the internal reference gene and the primers used were as follows: Forward, 5'-CGG AGT CAA CGG ATT TGG TCG TAT-3'; and reverse, 5'-AGC CTT CTC CAT GGT GGT GAA GAC-3'. Data was subjected to quantitative analysis by comparing the Cq values and using the 2 -ΔΔCq method (12) .
Cell transfection methods. HeLa cells were seeded in a 24-well plate at a density of 4x10 4 cells/well. Prior to transfection, all transfection reagents were at room temperature and medium was placed into incubator for 30 min. Following 48 h transfection at 37˚C, cells were washed with PBS containing 1% bovine serum albumin (Sigma Aldrich; Merck KGaA, Darmstadt, Germany) twice and resuspended with 100 µl Nucleofector ® electroporation (Invitrogen; Thermo Fisher Scientific, Inc.). Subsequently, the corresponding RNA was added (300 pmol/sample). The cell suspension was placed into an electroporation cuvette, tapped to ensure that there were no air bubbles at the bottom of the electrical rotor, and the electroporation program was selected and run according to the manufacturer's protocol. Cells were immediately taken out of the electrical rotor, transferred into 12-well plates and cultured in the incubator.
MTT viability assay. The transfected cells (0.5x10
4 cells/well) were seeded in 96-well culture plates and incubated with 20 µl MTT at 37˚C for 4 h. Subsequently, the supernatant was aspirated and 15 ul dimethyl sulfoxide solution was added. After 10 min of low agitation, the optical density was determined at a wavelength of 490 nm.
Invasion assay. Following 48 h transfection, 0.25% trypsin (containing EDTA) was used to digest cells. Cells were stained with 0.16% trypan blue dye solution for 3 min at room temperature. Cells (5x10 5 ) were suspended in serum-free RPMI 1640 medium and the lower layer of the Transwell chamber was plated with RPMI 1640 medium, supplemented with 10% fetal bovine serum. Cells were plated in the upper chamber and incubated at 37˚C in an atmosphere containing 5% CO 2 for 24 h. The membrane was coated with Matrigel (BD Bioscience, San Jose, CA, USA). Subsequently, the number of invaded cells were counted in 16 fields of view. Images were captured at a wavelength of 490 nm on a Leica DC 300F camera (Leica Microsystems GmbH, Wetzlar, Germany).
Bioinformatics prediction of miR-494 target genes. TargetScan (http://www.targetscan.org/vert_71/) target gene prediction software selected suppressor of cytokine signaling 6 (SOCS6) as a target gene of miR-494. TargetScan target gene prediction software identified the 3726-3733 site at the 3' end of the untranslated region (3'UTR) of SOCS6 mRNA as a possible site of action of miR-494.
Dual-luciferase reporter assay. The 3'UTR of SOCS6, containing putative miR-99a-binding sites was amplified and cloned into pMIR (Ambion; Thermo Fisher Scientific, Inc.). In vitro synthesized DNA fragment containing the position and DNA fragment containing the mutant site, cloned into dual luciferase start after a child carrier pMIR. PMIR carrier (Ambion, Austin, TX, USA) and miR494 were co-transfected into HeLa cells using Dharmafect Duo transfection reagent (Thermo Fisher Scientific, Inc.); the cells were collected 48 h post-transfection. The PMIR carrier containing wild-type and mutated full-length 3'UTR from human SOCS6 (RefSeq NM_004232.3), was purchased from Labomics (GeneCopoeia, Inc., Rockville, MD, USA). The sense siRNA sequence was GCU GCG AUA UCA ACG GUG Att; the antisense siRNA sequence was UCA CCG UUG AUA UCG CAG Ctg. Luciferase activity was measured using the Dual-Luciferase Reporter Assay system (Promega Corporation) according to the manufacturer's recommendations. The luciferase activity was detected on a GLOMAX20/20 luminometer (Promega Corporation) and normalized to the Renilla luciferase activity.
Western blot analysis. Total protein was extracted from cells using the protein extraction reagent (Novagen; Merck KGaA) accordingly to the manufacturer's protocol and total protein concentration was determined using a BCA Protein Assay kit (Thermo Fisher Scientific, Inc.). A total of 50 µg extracted protein per lane was separated using SDS-PAGE (8-10% gel) and 5% stacking gel isolated, and transferred to nitrocellulose membranes. Subsequently, membranes were blocked at room temperature with Tris-Buffered Saline-Tween-20 (TBST) containing 5% bovine serum albumin for 1 h. Membranes were incubated with anti-β-actin (1:5,000; cat. no. A5441; Sigma-Aldrich; Merck KGaA) or SOCS6 antibody (1:1,000; cat. no. ab53181; Abcam, Cambridge, UK) overnight at 4˚C. The following day, membranes were washed with 0.1% TBST 3 times (5 min each), the horseradish peroxidase-labeled-anti-rat serum (1:1,000; Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) secondary antibody was added and incubated at room temperature for 1 h. Subsequently, membranes were washed with 0.1% TBST and Supersignal West Femto HRP sensitive chemiluminescent substrate (Pierce; Thermo Fisher Scientific, Inc.) was added to visualize the bands. β-actin was used as the internal control. All experiments are representative of a minimum of three independent repeats. Statistical analysis. Data are presented as the mean ± standard deviation. SPSS software (version 16.0; SPSS, Inc., Chicago, IL, USA) was used for statistical data analysis. P<0.05 was considered to indicate a statistically significant difference. Differences between miR-494 expression and clinicopathological features of cervical cancer were assessed using Student's t-test (unpaired). The differences in expression between three groups were examined by one-way analysis of variance followed by a Dunnett's post hoc test.
Results

miR-494 expression is decreased in cervical cancer.
As presented in Fig. 1 , the relative expression level of miR-494 was 0.12±0.06, 0.47±0.13 and 2.27±0.57 in cervical cancer, cervical intraepithelial neoplasia and normal cervical tissues, respectively. Compared with the cervical intraepithelial neoplasia, the miR-494 expression level in cervical cancer samples was significantly decreased (P<0.01). In addition, compared with normal cervical tissue, miR-494 expression level was significantly decreased in cervical intraepithelial lesions (P<0.05). Table I , the expression level of miR-494 in patients with cervical cancer was associated with clinical stage, depth of stromal invasion (13) explored miRNA expression in >100 cases of primary malignant tumor and adjacent normal tissues. A total of 43 miRNAs exhibited altered expression levels in primary malignant tumor and cancerous tissues, whereby 28 miRNAs were downregulated, and 15 were upregulated (13) . Cervical cancer is one of the most common types of gynecologic cancer, and is the fourth leading cause of cancer-associated mortality among females worldwide (14) . Previous studies have demonstrated that miRNAs may be abnormally expressed in cervical cancer and this is associated with the prognosis of cervical cancer (15, 16) . Zhao et al (17) validated that the expression level of miR-491-5p was significantly decreased in cervical cancer and that miR-491-5p inhibited cancer cell proliferation, primarily by regulating human telomerase reverse transcriptase. Furthermore, Deng et al (18) revealed that the expression level of miR-142-3p was significantly decreased in cervical cancer, and that miR142-3p inhibited cancer cell proliferation and invasion, primarily by regulating Frizzled-7.
miR-494 expression is associated with clinicopathological features of cervical cancer. As presented in
Previous studies have identified that miR-494 is associated with the development of tumors (8, 9) . However, there are a limited number of studies on the expression and the function of miR-494 in cervical cancer. The present study was performed on 40 cases of cervical cancer, 40 cases of cervical intraepithelial lesions and 40 cases of normal cervical tissue. The results of the present study determined the expression of miR-494, which demonstrated that miR-494 was significantly decreased in cervical cancer, compared with the other two types of tissue (P<0.01). In addition, the expression level of miR-494 in cervical cancer tissue was associated with clinical stage, depth of stromal invasion and lymph node metastasis (P<0.01); however, no associated was determined between miR-494 expression level and the patient's age, tumor diameter and menopause (P>0.05). The results of the present study suggested that decreased expression of miR-494 is associated with the development of cervical cancer. Furthermore, transfection was performed in the present study which demonstrated that miR-494 mimic transfection significantly inhibited HeLa cell viability and invasion (P<0.01). Transfection with anti-miR-494 significantly increased the HeLa cell viability and invasion (P<0.05). These results suggest that, miR-494 may serve a function in the development of cervical cancer by regulating the viability and invasiveness of cancer cells.
miRNAs exhibit biological effects primarily by adjusting the downstream target genes; therefore, the role of downstream target genes determine the function of miRNAs. A previous study has demonstrated that miR-494 regulates the PTEN/protein kinase B signaling pathway, which results in the regulation of glioma cell proliferation, invasion and migration (19) . Sun et al (20) identified that miR-494 may effect colorectal cancer cell migration and invasion by directly targeting PTEN. Additionally, in breast cancer, miR-494 exerts effects on the Wnt/β-catenin signaling pathway, which inhibits breast cancer (21) . Accordingly, in the present study, target genes of miR-494 were selected using TargetScan software. Previous studies (22, 23) have identified SOCS6 to exhibit functions in the progression of human cancers, which prompted the focus on this gene.
A previous study demonstrated that miR-17-5p regulated the proliferation of gastric cancer cells by modulating SOCS6 expression (24) . Therefore, the present study investigated the expression of SOCS6 in HeLa cells, which demonstrated that miR-494 mimic transfection increased SOCS6 expression (P<0.05) and anti-miR-494 transfection significantly inhibited SOCS6 expression (P<0.05). The results of the present study identified SOCS6 as a downstream target gene of miR-494.
The results of the present study demonstrated that the expression of miR-494 was significantly decreased in cervical cancer, and miR-494 inhibited cancer cell proliferation and invasion by regulating the expression of SOCS6. The present study may have provided a novel cancer therapeutic target; however, the molecular mechanism underlying miR-494-induced inhibition of cancer cell proliferation and invasion remains unknown.
